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NATTONAL. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY EVALUATION OF TURBINE PERFORMANCE WITH VARIABLE-
AREA TURBINE NOZZLES IN A TURBOJET ENGINE

By Carl E. Campbell and Henry J. Welna
SUMMARY

The performance of a two-stage turblne with variable-area first-
stage turbine nozzles was determined in the NACA Lewis altitude wind
‘tunnel over a range of simulated altitudes from 15,000 to 44,000 feet
and engine speeds from 50 to 100 percent of rated speed. The variable-
aresa turbine nozzles used in this investigation were primarily a test
device for compressor research purposes and were not necessarily of
optimim aerodynamic design. The results of this investigation are indica-
tive of effects of turbine-nozzle-area variation on turbine performance
within the operating range allowed by the engine. The variable-area
turbine nozzles were found to be mechanically reliable and to have negli-
gible leakage losses. Increasing the turbine-nozzle-throat area from
1.15 to 1.687 square feet increased the corrected turbine gas flow or
effective turbine nozzle area asbout 10 percent. At a given corrected
turbine speed and turbine pressure ratio, changing the turbine nozzle
area from 1.30 to 1.87 square feet lowered the turbine efficiency

3 or 4 percent. The effect of increasing the turbine nozzle area from
1.15 to 1.67 square feet (decreasing the turning angle about 719) would

be to lower the turbine efficiency sbout 5 or & percent.

INTRODUCTION

Analyses such as that given Iln reference 1 indicate the performance
and operational advantages to be gained by utilization of varisble-area
turbine nozzles in turbojet engines. When combined with & proper speed
control, the variasble turbine nozzle can greatly increase the thrust
cepability of supersonic turbojet engines because of increased flexi-
bility in matching of the compressor and turbine over & wide range of
flight conditions. Furthermore, potential improvements in specific fuel
consumption, particularly at thrust values below rated thrust, are possi-
ble for engines equipped with both variable-area turbine nozzles and
variable-area exhaust nozzles (reference 1). In both these analyses, it
was assumed that turbine efficiency was not affected by changes in the
aree or angle of the turbine nozzles. However, aside from analytical
treatment of the problem, : resent time a lack of
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experimental data on.the performance of varlable-area turbine nozzles
operating as integral components of full-scale turbojet engines. Com~
plexity and mechanicel reliability heve been the maln deterrent factors
in obtaining experimental data and in the utilization of variable tur-

bine nozzles in present turbojet engine designs.

During a study of the surge characteristics of a turbojet engine
fitted with variable-area first-stage turbine nozzles in the NACA Lewis
altitude wind tunnel, it was possible to obtaln some preliminary data
on the effect of these nozzles on the performance of the two-stage tur-
bine. The effect of the variable-area turbine nozzles on the efficiency
and gas flow characteristics of the turbine are presented herein. The
variable-area turbine nozzles investigated in this study were intended
primarily to provide a variable compressor pressure ratio independent
of engine speed and turbine-inlet temperature for compressor research
purposes; therefore, the aerodynamic design of the nozzles wes not
necessarily optimum. Furthermore, the turbine rotors and the second-
stege stator were designed for filxed-area first-stage nozzles. The
experimental results obtalned in this investigetion, therefore, do not
represent the best turbine performence obtainable with variable-area
turblne nozzles, but serve instead a&s a preliminary indicator of general
performance and mechanical problems.

Corrected turbine gas flow and turbine efficiency are presented as
functions of corrected turbine speed and turbine pressure ratio to show
the effects of turbine nozzle area and nozzle angle on turbine perform-
ance. The turbine efficiency obtalned with the original fixed turbine
nozzles is compared with the turbine efficiency obtained with the vari-
able turbine nozzles at a position corresponding to approximately the
same throat area and turning angle. All turbine performance data obtained
with the variable turbine nozzles are presented in numerical form in
table I.

INSTALLATION AND INSTRUMENTATION
Engine

The engine was mounted on a wing section which extended across
the 20-foot-diameter test section of the altitude wind tumnel (fig. 1).
Dry refrigerated air was supplied to the engine from the tunnel make-up
air system through & duct connected to the engine inlet. Manually con-
trolled butterfly valves in this duct were used to adjust the total
pressure of the refrigerated air at the engine inlet to correspond to
the desired flight condition, while the static pressure in the tunnel
test section was maintained to correspond to the desired altitude. A
slip Joint with a frictionless seal in the duct permitted the measure-
ment of thrust and installation drag with the tunnel scales.
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The engine used in this investigation was a J40-WE-6, which hed &
sea~level rating of 7500 pounds of Jjet thrust at an engine speed of
7260 rpm and a turbine-inlet temperature of 1425° F. At this rating,
the compressor pressure ratio was gbout 5.0 and the engine air flow was
140 pounds per second. A cross-section of the engine is presented in
figure 2 showing the main components of the engine which included an
eleven-stage axial-flow compressor, & single-annulus basket-type com-
bustor, a two-stage turbine, and a clamshell-type varisble-area exhsust
nozzle. The engine was equipped with an electronic control that varied
engine fuel flow and exhaust-nozzle area to maintain a schedule of
turbine-outlet temperature and engine speed.

The original J40-WE-8 engine was modified before the investigation
reported herein by replacing the compressor-outlet straightening-vane
assembly with a two-element mixer-vane assembly, by using & slightly modi-
fied combustor basket, and by replacing the first-stage flxed turbine noz-
Zles with a variable turbine-nozzle diaphragm. The original control was
also modified to permit independent control of engine speed and exhaust-
nozzle aresa.

Turbine

Both first- and second-stage turbine disks were solld steel and hed
an outer diameter of 21.90 inches. The first-stage rotor disk had
62 high-temperature-alloy blades fitted into its outer rim (fig. 3(a))
and the second stage contained 32 blades of the same material (fig. 3(b)).
All turbine rotor blades were 5.50 inches in length; the turbine tip
diameter was thus 32.90 inches and the hub-tip radius ratio was 0.666.
The radial tip clearance for the turbine rotors was 5/32 inch.

The first-stage or varlable turbine-nozzle diasphragm consisted of
56 high-temperature-alloy vanes which could be rotated between an inner
and outer shroud (figs. 4(2) and 4(b)). All vanes were rotated simul-
taneously by an actuating mechenism similsr to the one shown schematically
in figure 5. The single actuating shaft extending through the engine
outer skin was actuated by an externally mounted worm-gear drive. Chang-
ing the turbine-nozzle vane angle varied the nozzle throat area and also
the angle that the fluid is turned in passing through the nozzles. Mid-
vane croses sections of two adjacent turbine nozzle vanes are shown in
the open and closed positions in figure 6. The solid-line section shows
the vanes in the open position corresponding to a geometric throat area
of 1.67 square feet and a turning angle at the throat of approximetely
54,5°, The dashed-line section corresponds to the closed position with
a throat area of 1.15 square feet and turning angle of about 62°. The
originel fixed turbine nozzles, for which the turbine rotors and second-
stage nozzles were designed, corresponded closely to the variable turbine-
nozzle setting that provided a throat ares of 1.30 square feet and a
turning angle of about 58°.
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The second-~stage or interstage stator conslsted of 60 high-
temperature-alloy vanes welded to an immer and outer shroud with a fixed
nozzle-throat area of approximately 1.8l square feet. The annular
passage through the turbine from first-stage nozzles to turbine outlet
had spproximately constant inner and outer diameters; the unblocked
apnular area was about 3.4 square feet.

Instrumentation

Stations at which instrumentation was installed within the engine
for measuring pressures and temperatures are shown In figure 2. The
number of total and static pressure tubes, static pressure orifices, and
thermocouples installed at each measuring station is shown in tabular
form in this figure. Schematic sketches of the instrumentation at the
cowl inlet (station 1), compressor outlet (station 4), turbine inlet
(station 5), and turbine outlet (station 6) are shown in figure 7. Fuel
flow was measured by callbrated rotameters and engine speed was measured
by a stroboscopic tachometer.

Procedure

Date were obtained at altitudes of 15,000, 30,000, 40,000, and
44,000 feet at various flight Mach numbers from 0.14 to 0.62. Extensive
performance date were obtained at an altitude of 30,000 feet and a flight
Mach number of 0.62. At this flight condition, the variable turbine
nozzles were set at five different positions and at each nozzle position
the engine wes operated at six different speeds from 3630 to 7260 rpm
(reted speed). At each turbine-nozzle setting and engine speed, the
exhaust nozzle was varied from the wide-open position to full closed,
or until limiting turbine temperature was approached, to extend the range
of turbine pressure ratio and corrected turbine speed. The ranges of
turbine pressure ratio, corrected turbine speed, turblne nozzle area,
and engine speed covered at this flight condition are shown in the follow-
ing table:

Engine speed, TDM « « « ¢ 4 & 4 ¢ ¢« o 4« ¢ « 4 « o« s o« + + « 3630 to 7260
Measured turbine-nozzle-throat area, sq ft . . . . . . . . 1.15 to 1.67
Turbine pressure r&510 . & ¢ ¢« « ¢ ¢ ¢t ¢« 4 o 4 « o e o o o 1.57 to 3.00
Corrected turbine speed, TIPM . & v +v « v o + o « o « o « o 2663 to 4407

The symbols and methods of calculation used to determine the turbine
performance are given in the apperdix.

2618
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RESULTS AND DISCUSSION

Inasmuch as the primery obJject is to show the effect of turbine
nozzle area on turbine performsnce, curves are shown only for an alti-
tude of 30,000 feet and & flight Mach number of 0.62 where the most
extensive investigation was made. Data obtained at all of the flight
conditions investigated are presented in numerical form in table I.

_Corrected Turbine Gas Flow

The variation of corrected turbine gas flow with corrected turbine
speed for all five turbine nozzle areas is shown in figure 8 for an alti-
tude of 30,000 feet and a flight Mach number of 0.62. Although turbine
pressure ratio is not & direct function of corrected turbine speed, lines
of constant turbine pressure ratio have been superimposed to indicate
approximately the general increase in turbine pressure ratio with increased
corrected turbine speed at each turbine nozzle area. For each of the five
nozzle areas, the corrected gas flow increased with corrected turbine
speed to a maximum value and was unaffected by further increases in cor-
rected turbine speed or turbine pressure ratio. Failure of the corrected
gas flow to increase at high corrected turbine speeds (and high turbine
pressure ratios) is attributed to choking of the flow at some station
within the turbine. The turblne pressure ratlo for choking varied from
gbout 2.6 at & turbine nozzle area of 1.15 square feet to about 2.2 at
an area of 1.87 square feet. However, these values of turbine pressure
ratio at the transition point between choked and unchoked flow are very
approximate because of the data inaccuracy in the low range of turbine
pressure ratios.

The maximum corrected turbine gas flow (choked conditions) obtained
at each nozzle area is shown in figure 9. This curve is also a measure
of effective turbine-nozzle throat area inesmuch as corrected turbine
gas flow is directly proportional to effective ares when the nozzles are
choked. Over the range of actuel turbine nozzle areas from 1.15 to
1.67 square feet, the effective turbine nozzle area varied from 1.13 to
1.25 square feet for an effective area range of approximately 10 percent.
It is apparent that the effective and measured areas are nearly equal at
smell area settings of the nozzles but the effective area 1s considersbly
smaller than the measured ares at large area settings. This indicates a
reduction in nozzle flow coefficient (defined as the ratio of effective
area to measured area)} from about 0.98 to 0.75 as the nozzles are opened.
This large reduction in indicated flow coefficient may be caused by chok-
ing at some station within the turbine other than the inlet nozzles.
However, inasmuch as interstage pressures and temperatures were not meas-
ured, the location of the choking station within the turbine could not
be determined with certeainty.
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Turbine Efficiency

The turbine efficiencies obtained with a13 five turbine nozzle sreas
at an altitude of 30,000 feet and a flight Mach number of 0.62 are shown
in figure 10 as & function of correé¢ted turbine speed. The maximum tur-
bine efficiency obtained was 0.87 with the smallest turbine nozzle area
and a high corrected turbine speed. The minimum turbine efficiency was
about 0.70 with the largest nozzle aree and a low corrected turbine speed.
In general, turbine efficiency increased with corrected turbine speed for
a1l turbine nozzle areas and was lowered by increasing the turbine nozzle
area (decreasing the nozzle turning angle) at a given corrected turbine
speed. These general effects, however, are not clearly separated in fig-
ure 10 because the effects of turbine pressure ratio have not heen accounted
for.

In figures 11(a) and (b) to 15(a) and (b), operating lines of turbine
pressure ratio and turblne efficiency are shown as functions of corrected
turbine speed for each engine speed and turbine nozzle area. Although
turbine efficlency is not a direct function of engine speed, lines of
constant engine speed have been faired for the turbine efficiency data
for the purpose of obtaining cross plots. The cross plots of turbine
efficiency against corrected turbine speed for constant values of turbine
pressure ratio obtalned from parts (a) and (b) of figures 11 to 15 are
shown in parts (c) of these figures. At a constant turbine pressure ratio,
turbine efficlency ilncreased with increased corrected turbine speed.

Thle trend occurred at all values of comstant turbine pressure ratio for
which cross plots could be obtained at each turbine nozzle area. The
maximum range of corrected turbine speed obtainzable at a constant turbine
pressure ratio was sbout 200 rpm and the average increase in turbine
efficiency for this increasse 1n corrected turbine speed was about 4 per-
cent. However, the rate of increase in turbine efficlency with ilncreased
corrected turbine speed was greater at the lower wvalues of constant tur-
bine pressure ratio. At a glven corrected turbine speed, turbine effi-
ciency increased with reduced turbine pressure ratio, but the corrected
turbine speed could be meintained constant only for a very small range

of turbine pressure ratiocs.

The effect of changing turbine nozzle area and turning angle on tur-
bine efficiency at a given corrected turbine speed and turbine pressure
ratlio is shown in figure 16. The symbols, which represent cross-plotted
date points rather than actusl datae points, have been included to indl-
cate the accuracy of the cross-plotted data as well as for distinguishing
between turbine nozzle areas. In all cases where a comparlson could be
mede at the same turbine pressure ratio and corrected turbine speed,
the turbine efficiency wae lowered by increasing the turbine nozzle area.
Changing the turbine nozzle area from 1.30 to 1.67 square feet at con-
stant values of corrected turbine speed and turbine pressure ratlo
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lowered the turbine efficiency by 3 or 4 percent. It is probable that
the reduction in turbine efficiency over the complete range of turbine

o
nozzle areas (decreasing the turning angle about 7% ) would not be more

than about 5 or 6 percent 1n the region of high corrected turbine speeds
and turbine pressure ratios.

A comparison of turbine efficlencies obtained with the original
Pixed turbine nozzles and with the variable turbine nozzles at a corre-
sponding =area getting and at the same flight conditions and engine speed
is shown in figure 17. The slightly lower turbine efficiency of about
1 percent (which is less than the data accuracy spread) obtained with
the variable turbine nozzles indicates that the leakage losses with the
variable nozzles were very small.

Mechanical Reliability

The varisble-asrea turbine-nozzle dlaphragm wes installed in the
engine during approximately 240 hours of engine operation and only minor
mechanical difficulties were encountered during this period. Although
the turbine nozzle ares was not varied frequently during the part of the
engine investigation reported herein, a great many changes in nozzle area
were made during other parts of the Investigation. The nozzles were at
low physical loading conditions most of the time because most of the
investigation was conducted at high altitudes, but inasmuch as a large
part of the total operating time was at military speed and temperature,
it is felt that these tests were a good indlcation of verisble turbine
nozzle life. Calibrations of turbine-noczzle-throat dimensions versus
Indicated nozzle setting showed good reproducibility of turbine nozzle
arees.,

CONCLUDING REMARKS

The varieble-srea turbine nozzles were found to be mechanically
reliable and to have negligible leakage losses. It was possible to
achieve a variation in corrected turbine gas f£low or effective turbine
nozzle gres of about 10 percent by use of these varisble turbine nozzles.
At a given corrected turbine speed and turbine pressure ratio, changing
the turbine nozzle area from 1.30 to 1.67 square feet lowered the turbine
efficiency by 3 or 4 percent. The effect of increasing the turbine noz-
zle area from 1l.15 to 1.67 square feet (decreasing the turning angle

0
about 7% ) would probably lower the turbine efficiency about 5 or 6 percent.

Lewis Flight Propulsion Laboratory
National Advisory Commlttee for Aeronautics
Cleveland, Ohilo
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APPENDIX - CALCULATIONS

Symbols

The following symbols are used in this report:

‘eross-sectional area, sq ft

acceleration due to gravity, 32.2 ft/secz
enthalpy of air or gas mixture, Btu/lb
engine speed, rpm

total pressure, 1b/sq ft absolute

static pressure, 1b/sq ft absolute

gas constant, 53.4 £t-1b/1b-°R

total temperature, Or

indicated tempersture, °R

velocity, ft/sec

air flow, 1lb/sec

fuel flow, 1b/hr

gas flow, 1b/sec

thermocouple impact recovery factor, 0.85

ratio of gpecific heats for gases

NACA RM ES52J20

pressure correction factor, P/2116 (total pressure divided by

NACA standard sea-level pressure)

adlabatic effilciency

temperature correction factor, yT/(1.4)(519}, (product of T
and total temperature divided by product of y and tempera-
ture for air at NACA standard sea-level conditions)

density, slugs/cu ft

CONF IDENTIAL
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Corrected parsmeters:

N/ -\/-5-5- corrected turbine speed, rpm

TS/GZ corrected turbine-inlet temperature, °R
__Wg__-\/%__ corrected turbine-inlet gas flow, 1lb/sec
85(v5/1.4) _
AH_b/ 65 corrected turbine enthalpy drop, Btu/lb
Subscripts:

a air

g ges mixture

t turbine

1 cowl inlet

2 compressor inlet

4 compressor outlet

5 turbine inlet

6 turbine outlet

Methods of Calculation

Totael temperatures were calculated from thermocouple indicated
temperatures with the equation

o (%2; — (1)
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Alr flow. - Alr flow was determined from pressure and temperature
measurements at the cowl inlet (station l) by use of the equation

-1 ¥1-1

2g [ P1 Y1 1\ Y1 }fFi\ "1
PR —-W—,)/ 2E) ) -

(2)

Gas flow. - Gas flow was calculated from fuel-flow measurements and
cowl-inlet air flow es follows:

Wy = Wy We/3600 (3)

Turbine-inlet temperature. - Turbine-inlet temperature was deter-
mined from the enthalpy and fuel-air ratio at the turbine inlet by use
of temperature-enthalpy tables. Turblne-inlet enthalpy was calculated
from the following egquation which assumes that the turbine enthalpy drop

equals the compressor enthalpy rise:

W_a'Ll ) 4)
= Hg,6 * (Bg,4 - Ha,2 (

4 W
g

g,5

Turbine efficiency. - The turbine adiabatic efficiency was deter-
mined from the followlng eguation:

Mg = (5)

where Tt 1s the average value of 7y between stations 5 and 6.

2618
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483 | 1187 | 1.30 | 6897{34B5] 1374 | 4837 815] S7ary L 2338 | 1250] 98.42{93.59} .a477]2.n76] 4088] a7.2]L ) C 0106 [1.234
462 | 1180 | 1.30 | ees7{3sss | 1377, 4.91.[ aes| sessfl 1 2573 | x332|92.75| 93.80] .a718 a.Em 3991] 2851 .. 0115 |1.2d)
485 | 1184 | 1.m0 | ees7|aasn] 1371 !| 438 em1| aLs0H 1746 | 2562 1a4sysz.11|e5.55) .8803]|a.moz] s0e0] 254 R 0154 |1.208
.464 | 1186 | 1.30 | essslaeoqli 31378 || 439 784|| 4823 1527 15551 oesiae.00) 88,87} 3080 a.ﬁss 404l | 25.9[1397 .59 0078 {1.205
464 | 1185 | 1.30 | e35%]2090 | 1574 -| 4921 775'| 511z | 1433 | 20517 1180]85.59|86.19 2.4931 3300 26.5[131 £0.44 008 |1.214
462 | 1155 | 1.30 { G3AS|3300j 1374 ;) 49Lj| 7854 5516 ) 156X | 23se|| 3301) B4.45|85.39% .44 a.gss 3746; 24.7|1 .57 0112 |u.200
463 | 1188 1 1.30 | e3s3 1375 | ag0’| 784] s5Q1 716801 24287 1412)es.51]04.80% ,Bwals e8] ze2el ex.7|177 4 | L0129 ]1.190
480 | 1188 | 1.30 | &353{4350 | 1374 | 489 ] 7981 5818 | 1800 | 2573] 1531|02.61|85.85) .84942.1682 | 3510) 22.8)1910| 80.50 | .0148 |1.176
.48¢ | 1188 1.%0 | 680e|1685 | 1374 °| 491 ] 724 4144 [123%G| 1465 1007(75.77|76.290} .B563]2.408[ 3829 | 24.7/1%00] 80.8% .0088 [1.221
464 | 2187 1.50 | 5806|2230 | 1378 | 487 | 727]| 4310|1323 | 183 | L163178.17|75.79f .81s804a.384 | 3708 | 23.5(14¢09| 80.41 0482 11.198
.485 | 11BRS 1.30 | 5808|2500 | 1372 .| 488 | 755] 4361 | 141G | 1933 | 1194|75.55|74.22 [ -0004]2.256 | 8594 22.6(1502| 80.48 L0084 |1.181
ABF | 1184 1,50 ] 5808]2880 4881 7431 44777 1540 [ 20739 Tm0¢72.54) 7E.10] . aamel 2,189 3449 21.9(1640| 80.91 ou), [1.a7s
459 | 1188 1.%0 3208 | 1372 | 487 | 753 4570 {1673 | 2195 | 1437|70.28|71.20§ .a3ac{z.082 | 3518| 20.9{1782| EO.TS 0150 [1.154
AB4 | 1187 1.30 | 4719|2178 | 1375 | 488 2788 {1085 | 1410 | 935(88.36|32.717 .8l2s|1.pae | 3362| 1B.6|1158| 58,25 L0082 [1.181
.4B7 | 1185 1.30 | a71e|1zes | 1375 | 485 | 45| --— | 2147 | —-— | 988|82.83|52.88cnnaac]amaea | 5216} 18.1}1285] —vro .0083 |1.181
471 | 1184 1.30 | e719|1630 | 2378 | 481 [&46| 2841 [ 1243 | 1876 | 1080(52.08|52.43[ .AGES[1.888 | 3098) 17.6|1342] 59.33 0083 [1.161
484 | 11B8 1.30 | 4719|1655 | 1374 | 482 | %= 1293 | 1836 | 1337 21.21|51.67] .A112|1.842 | 5041 17.4[1395| s8.38 0080 |1.137
458 | 1iBs 1.30 | 4719|1740 | 1374 | 480 {653 | =-uww (1350 | —~-- | 12168|51.22|50.B0|-mmaan | mnmun 17.4)2459| wammm L0094 [1.13%
410 | 11e3 1.30 | 3630] 814 | 1375 | 484 |A73| 1987 | 998 | las2| 8es|37.71|57.94| .8178|1.534 | 2698 | 12.2(1085| s5.81 0080 {1,100
467 | 1185 1.30 | 3630|1028 | 1578 | 483 | S5R2| 2066 | 1108 | 1152 | 100%|56.36|368.44 | .6385|1.750 | 2514 | 11.8{1181| 54.87 | .o078 {1.098
LABS | A 1.87 | 7260|5840 | 1378 | 485 | 8135] 3797 | 1873 | -—- | 1279|90.58) 97.43|~eew--]|--~—- | 4288] £27.3)1682| 85.55 .| .0111 {1.230
480 | 1180 1.67 | 7260 (1040 | 1384 | 487 | 627} =820 | 1645 | --—- | 1348|84.20|95.32|-—--.- -] 4182 | R6.5[1715} §3.20 Qe [1.218
LA55 | 1188 | 1.87 | 7260|4310 | 1373 | 491 |624] 5958 | 1680 | 1920 | 1884|95.40]96.60| .7082|%.102 | ¢138| 2m.0(1778| 83.57 .0128  [1.214
457 | 1 1.67 | 7260|4720 | 1385 | 493 |637] 6090 |1760 | 2180 | 1480 94.864|9B6.55] .74502.754 | 40NL| 25.5|1874| 65.44 .0139  [1.203
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TAPLE I. - VARIABLE-AREA TUREINE PERFCRMANCE - Contimued

g192

fn pltitude Ny pp |Turbine| N | We | PFp T |Ty | Pg T5 | Ps T | ¥a,1] ¥e,5| M |Pe/Pgl X | Ay | T5 Wp, 5T LS Ts
(1) 1p \[nczede | (rpm)| awy [ 2w 3| (9R) l(oR) [£ 26 Y] (®r) [am N (°R)| £ 2BV] 3B vz |55 | % o W s rssooy| TS

g 1t/ | aren Fr] {\aq aq It aq T% 00/ | \Beo, B 1o Og 85 1—'5') 2l &

ten £t) (rpm) GF) CREN
(2ea)

57| 18,000 | 0.485] 21188 | 1.67 | 7es0|B030| 1388 | «87|830) a210)1830] 23507| 1525|96.40] 96.00]0,7881) 2,802] 5978] e1.5)|1540] 63.72 0.0148 |1.200
&8 458 | 1183 | 1.87 | sew7|ss10| 1562 | S04 | 07| 6374 | 1507 ---- | 1o85| 00.85[91. 7R} -~ —u-en | 4138| 28.5|2682[ 62.92 0105 1,220
59 480 1186 | 1.87 | ses7|sves| 1391 | 497 | 808| 5571 | 1580 1981 1%02] 92.08|55,10| .7473)2.855| 4048 | 25,8|1680] 83.14 Ol [1.214
60 48| 1188 | 1.87 | agor|40ex| 1378 | ao0 |s1m| 5677 | 1630| 21ex | 1370 91.88|85.1e| .7868|2.674| 3864 | 25.1|1715| 63.45 0125 |1.204
&1 467) 1186 | 1.87 | eew7)4eB0| 1377 | «9¢ 817 e87a8 | 1750 2005 1448) 92.48|93.72] .7487)2.688 ) 5881 2441811 63.24 0135 |1.185
82 460] 1181 | 1.87 | eep7l4mun| 138§ 499 827 =995 |1828| =238l | 1538|91.45|92.81( .7s8s|2.833| 3785 25.8[1698 | 63.21 .0laa |1.1s6
63 484 | 1188 | 1,87 | ssss|oeom | 1374 | 489 | 7e2 | 4786 | 1570 | 1as% | 11ms|86.45|86,18|. .7729) 2.885 | 5085 | 24.8|1425| 63.03 ,00BR  |1.208
I 464 | 1191 | 1.87 | sx53|s1ec| 1361 | 497 | 769 | Boxe | 1e7s| 202« 1 1eso|ms.5%|86.p1| .7888|2.478| 3890 | A¢.5 82,81 0105 [1.198
85 467 1165 | 1.a7 | szex|seas| 1386 | s968 | 777 | 5134 | 1500| 2180 | 1349|84.48|05.50| .606d|2.344 | 5707 | 22.8(1676 63.34 0130 |1.166
66 A58 1188 | 1,87 | eassj407s| 1370 | ave | 7es | sm3 | 1vos| 2377 | Mae|ss.50l64.63%| .6377|2.2%5) 5801 | 32.8)1785] 62.69 L0158 }1.181
87 82| 1187 | 1.87 | excs|edbq | lava | 488 | 792 | &8 |1785| 2486 | 1837|62.84|04.08| .8123|2.483 | 3516 | 21.5|1888( 62.88 L0148 (1,167
88 462 | 1101 | 1.87 | se08|209¢ | 1368 | 473 | 874 | 4092 | 121%| 1690 | 1p@s|77.08|77.66| .7488(2.421 | 5654 | 21.6|1532| &2.38 0076 |1.188
89 462 1182 | 1,87 | 608|500 | 1368 | 487 | 722 | 4204 {1377 | 1806 | 11s8|75.36|78.07| .7680|2.328 | 3632 | 21.9|1487| &5. 0092 |1.179
0 459 | 1190 | 1.87 | seos|eoes | 1375 | 488 | 733 | 4580 | 1520 | 2002 | 1301)74.88] 78,57 .7944(2.178 | 3470 | 21.1|1602 | i.02 .0110 |1.1e8
7 480 1188 | 1.67 | 6608|5250 | 1375 | 485 | 734 | 4450 11500 213a | 1375|75.30{74.20) .6320|2.072 | 3589 | 20.4|1720| &3.48 0122 |1.184
L R vt 1164 | 1,87 | neos|ssek | --—- | 404 | 678 | 4504 | --—- | 2288 [ 1485[wmmem|-memm [~ma=-[21.960 | mmum | mmmfoman | mmmem [ mmceee [ameme
75 471 1181 | 1.67 | 4719|2260 | 2378 | 510 | 480 | 28R4 [ 1145 | 13e | 908|¢0.18149.50| .7864|1.974 | 3221 | 17.2|1164 | 56,57 0071 [1.148
T4 487 | 1195 | 1,87 | 4719|2445 | 1387 | 5ol | 857 | 2761 (1197 | 1426 | 1045/60.73|B51,13| .7844|1.935 | 3152 | 17.0|1240 | 60.38 L0078 |1,045
75 484 | 1188 | 1.87 | 4719/1B86 | 1377 | 499 | 653 | 2788 | 1265 ) 1528.] 1106|49.10|40.54| .8037|1.827 16.8|1305 | 568,38 0090 |1.138
78 480 1188 | 1.87 | 47191708 | 1374 | 502 | &84 | 2843 [1%2% | 1sed | 1173)48.04[49.31| .a208[1.749 | 3020 | 18.5|15688 | 65.688 0087 [1.128
7 472 | 1184 | 1.87 | 4718{1930 | 1379 | 495 | 882 | 2903 [ 1400 | 1733 | 1246{B1.61|52.08| .a772|1.876 | 2829 | 18,8|1474 | 83.52 L0103 [1.18¢
78 67| 1166 | 1.87 | 3e50( 862 | 13577 | 435 (574 | 1887 | 96x | 122 | 900(37.89|37.94| .8918|1.810| 2861 | 11.5(1048 | 68.71 .0086 |1.092
79 480 | 1183 | 1.s7 | s6%0| 972 | 188 | 485 |S72 | 1997 | 1023 | 1274 | 9es|s7.55|37.80| .as9s|1.588 | 2812 | 10.4 (1100 | 56.76 0072 |1.084
gg .igg 1188 | 1.87 | 5650)1080 | 1570 | 488 | 878 | 2027 | 1103 | 1342 |1017[38.72|57,01| 7415)1.510 | 2521 | 10.6(1178 | 66.%8 L0080 |1.088
o4 11 1,87 a5 75 | 488 H 5. .435 | 2495 | 10 £5.87 . 8
B2 30,000 o.esﬁ_& 1.5 1%5—9 _‘Eév 1"4&5 ‘E'H' Y 1168[57.07[57.62 (0. 0541 2.0 'Ta‘s"a —so"ﬁ' LR o.D%jé_i.a‘Hs'r
a3 618 | 818 | 1,15 | 7eecjeass | 797 | 473 |Bs7 | mese |1815 | 1366 |1sesiEZe.49|57.12| .gaas|e.av0 | 4216 | 50.0[1770 | 66.13 0111 |1.268
a .607| 21 | 1.15 | 7260]2480 | 796 | 471 | 844 | 3997 |1693 | 1440 | 1880|58.50187.18| .8a3s|a.77a8 | 4125 | 29.1|10e7 | s6.08 0122 [1.245
a5 .621| el¢ | 1.15 | 7280{em10| 787 | 488 |46 | 4138 [180% | 1841 |1487|58.88|57.44| .8552)|2.885 | 4007 | 27,7 2000 | 66,35 0158 |1.229
86 —====] 820 | 1.15 | 7280)5020 | 197 | 463 ) a4 | 4202 | -——- | 1589 |1338)cmmnn]cmmanfanacan 2,808 | =mme | mes o | coem ) ammeee R
a7 621 | a2e | 1.15 |esar17an] g12 | 475 |eol | 3693 [1393 | 1188 |l0p9(57.00|57.48| .8e10|2.89s [ 4ees | 50.2[1821 | BE.4% .0083  [1.268
88 .621| &la | 1.1% | e8e7|1605 | 803 | 476 |@10 | 3659 |1477 | 1260 |1177|68.35|56.86| .B579)|2.B04 | 417B | 28.7]1613 | 56.64 0084 |1.288
89 811| 822 | 1.15 | eee7(2118 | €00 | 471 |81s | 374a |1575 | 1342 |1265|6e.2%|s6.84| (045¢|2.795 | 4088 | 28.7]1736 | 57,11 0104 |1.245
80 610 | 820 | 1.18 | 8607)2480 | %97 | 489 | 636 | 3668 |1710 | 14e7 |1Nes|ps.80]56.38| ,8497)2.850 | 3901 | 27.6)1608 | 57,37 .0lg¢  |1.228
gl 818 | 816 { 1,18 | geo7|as38 | 795 | 488 |32 | 4048 1857 | 1801 [15¢1(3m.B7{Ba.38| .6319]2.527 | 5784 | e5.8]2067 | 87.42 L0147 [1.208
92 .62a | 818 | 1,15 | e3ax|13g3| 602 | 476 |762 | 3111 [1270 | 1047 |1000(51.17|B1.54[ .8413|2.871 | 4228 | 28.8|1267 | 68.7Q 0072 [1.270
5 .18 | 815 | 1,18 | @383 |1446 | 801 | 479 |770 | 3140 | 1537 | 10me |1070(50.87(851.27{ .8181|e.87% 26.1 (1449 | B8.28 0078 |1.860
N 24 | 818 | 1,15 | e385(18g7 | 804 | 477 [772 | E226 |1%70 | 1148 [1l07[B1.07|51.51| .8087)2.610 | 3983 | 27.5]1491 | 55.88 0086 [1.238
98 816 | 818 | 1,16 | ex53)1888 | 798 | 479 |779 | 3o5a | 1430 | 1197 |1161)80.48)50.98 | .8182)2.7%2 | 3902 | 27.2|1560 | 56.02 0003 |1.23¢
8 e2¢ | 617 | 1.18 [gss3ju788 | @02 | 479 |781 | 3502 |1456 | 1232 [1194[50.69|51.19( .7938|2.680 | =874 | 26.8(1877 | B8.08 0088 (1,219
97 823 | 818 | 31.15 | 8808 997 | 799 | 477 |v20 | 2600 {1180 | "e21 { 81B46.04[48.32| .a310]2.683 | 3981 | 27.5|1281 | 56.78 0080 1,287
98 .811 | é24 | 1,16 | 5608[1lee | 802 | 476 (704 | 2850 (1240 | 9e3 [1006|46.14)48.48| p162(2.669 | 3015 | 25.2(|1%52 | BB,20 0070  [1,833
g8 019 | 622 | 1.15 | 5808 805 | 474 [750 | 2723 |1318 | 1062 |1082|48.1a]48.53| .8055 (2,564 | 3711 | 25.5|1430 § 56.54 0080 [1,018
100 8181 @821 | 1,15 | 58081495 | 802 | 475 |757 | 275¢ 1400 | 1116 |1164 |45.72)48.14| .0017)2.466 | 3608 | 24,5]1520 | 68,54 0091 |1.208
100 .622 | €16 [ 1.18 | 58081814 | 800 [ 474 [7a5 | 2779 {1477 | 1156 [lesy[u8.47|45.92| ,8130(2.406 | 3318 | 24.2 1818 | 80.23 .0099 [1.108
102 827 | 621 | 1.15 | 719 841 | 809 | «78 |esa | 1v0l |"es3 | 760 | so8|52.34]32.52| .7947|0.285 | 3455 | 21.4|1050 | 58.38 . 1.182
103 .821| 821 | 1.16 | 4718| 709 | @05 | 471 [ss& | 1738 |1016 | 786 | es3|sl.1.s8)51.35| .8130(2.211 | 3407 | 20.8]1120 | 63,68 . 1,180
104 624 | €18 | 1.18 | 4718 775 | 804 | 475 Jees | 1764 [1070 | 820 | 0os[51.08)51.24] .8180]2,151 | 3505 | 20.3]1175 |B4.38 .00ep  |1.182
106 813 | &22 [ 1,15 | 4719 887 [ 801 | 471 [e47 | 1805 (1257 | 889 | 9a7(50.80|30.84| .68218(2.077 | 3204 | 16.6]1276 | 84.70 0079 [1.172
106 €22 | 819 | 1.15 {4718 98¢ | 804 | ¢71 |g%¢ | 1864 [1230 | 911 |1055(ea.s0[s0.17]| .s107|2.048 | 5115 | 10.6]1367 | 53,53 0060 |1.168
107 .64 | 618 [ 1.15 | 3850|528 | 797 | 470 (%62 | 1147 [ 600 | sae | 71r|es.78lexs.90)| (7030 (1.707 | 2037 | 14.4| B84 | 56.00 0068 1,178
108 619 | 620 | 1,15 | 3650 542 | 802 | 488 (567 | 1154 | 6RS | e84 | 741[25.95(24.11| .7528|1.68% | 2698 | 12.8| 913 | 55.54 L0085 [1.111
100 .628 820 1.18 | 38%0| 579 807 | 469 |586 | —orm |oemrm TLT | TM )ermmn ] pmmce Jom s voimees | mmmm | e s | e ] mmmmae e
110 .628| 617 | 1,15 |3830| so6 | 803 | 468 |Se4 | 1206 | 907 | 729 | a20|es.19(25.56 | .7371[1.864 | 2787 | 12.8[1006 | 54.55 0072 [1.108
m .618| 812 | 1.20 | 7e60fe0e0 | 791 | «s0 793 | 3613 la470 | 1289 [1a7a|s7.18(57.78| .A20912.870 | 4406 | 29.1 (1658 |5e.15 0100 |1.248
uz .821 | 811 | 1.20 | 7260|2280 | 78R | 460 |BOE | 3737 |1580 | 1%19 (1256 (57.12|57.756 | .B2as |2.833 | 4R€6 | 2B.8 (1760 | B8.00 0108 |1.242
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TABLE I. - VARIABLE-AREA TURBINE PERFORMANGE - Continuad

Run (Mltitude]l Mo | pp [Turninel N [ Wp | Po | T m | Bs [ w5 [ mg | me| Wyl Wes| mo |merrel | amg | 15 o svEE] W T
(rt) 1 \|=ozele | (zpwh Ay |7 ab Y| (oR)|(%R) 7 10 3| (or) [ N cor)| 7 38Y|( I8 Y% | %5 | 73 W T(ze00T] T
araa =] | =] 5 5 ¥5Y|¥a,1 8

i ¥/ |\aq #q T, &q TF, meaf | \5eo (rpm)| (Bt | (°R) (%5
(=3 ft) = )
(m

13 350,000 [0.618| €14 | 1.20 | 7eco|azsa| 794 | 482| s09| 3808 |1el0| 1382 1301) 57,02 57.68[0.6006 2.754| 4c21| 28.4f1810] B7.88 | 0.0118 |1.238
1 14| 14| 1.0 | vaso|=sen| w2 | 458| 812| 3888 |1e75| 1u45 | 13e8|s7.02|57.74| .30 2oee1| 4148| 27.4]Lase| b7.se 0126 [1.226
15 81| s | 1,00 | 7260|2766 | 792 | 48| 815| 3ps0 |1755| 1509 | 1422|56.08|57.78| 631 2.s24| 4081| 26.8]1se2| 57083 0 1.219
116 18| s12| 120 | 6897|1770 | 780 | aex| 77a| Bame |1367| .- | 1086|56-28|58.72 «330| 20.6|1532| 27,73 .0087 [1.258
17 626 e12| 1.20 | ea37|2020| 797 | 4s2| 785| 3895 |1es0| 1202 | 1196|56-68|87.22| .e24| 2.767| 2173 28.2|1834| 5elxs ‘o099 [1l237
118 621l e17| 1.20 | esd7|asos| 80d | asz| 7¢s| 3782 |1sso| lao4 56.96|57.50] .6433| 2.851{ 403a| 27.a|17a7| 28.58 o113 [ile2s
119 11| e | 1.00 | ea97|2ss5| 789 | 450] soa| 3798 |171s| 1a92 | 1412|55.98|56.70| .8%61|2.50k| 3838 2a.2|1932| 3a.6e o1z (10213
120 .616] €15 | 1,20 | so07|2e66| 784 | a78| 838 | 3eso |1as0| isus | 1mee|sal7a|sssy| mere| 2.455| 3753 26.7|201s| 3637 | o181 [1iz0s
121 34| eos | 1ls0 | sag7|z030| 792 | 4507 8um | 3974 |1847| 1621 | 1540|55-93(36.77| .e30| 2 452] 37a3| 25.0|2083| neler | easo [illee
122 624 @12 | 1.0 |.esm3li37s| 795 | 482] 738 | 3048 |1177| 1074 | mafsei7e(sai17| le1m2lamal iove| 23 s6.33 | .72 (1.261
125 Bl4| eoa{ 1.p0 |'e365|1515| 784 { asol 740 | 30me |1277| 1@ | 100e|s1.e0|Baial| ‘eas7ie-7ee| 4117| 2ail|iese| s7iol | ldos1 [1lmm
1n 619] s12] 1.0 | esss{i7on| 782 | 4E0] 16| 3e0s |1355 5£.90 .Gapsl 2.684| 4008| 27.0{1626| 27.58 ‘0050 |Lloas
125 63| s07] 1.20 | essaislof eq ) 4mif 7ss| 3507 | 1440 52.30| .mnefa.ses| sass| 3a.3{1621| 5754 -ae1  |tlaiz
izs ‘sea] ss] 1l20 eos5 | eoe | asi] 758 | 3w01 [ 1630 53.28 .821702.490| 5784| 2572[1725| Seim 0110 |1.208
127 624 e12| 1.20 | ss0sliozo]| 796 | 480| £s8 | 2542 [1080 47.08| .8477|2.727{ 1070| 27.0|1218| 57.1% .0081 |1.255
| |-l -—1 1.20 | ssde{11e| —- | 457] e59 | 25m8 {--—-| ses| sorf----[-1-- S EIN.T, Qe psiie il i [t ol i
129 621 eos{ 1.20 | 6a0a|1eas| 7es | 457| a5 | a2mse |1200 46.22| .8424|2.507| sa77| 25.6[1383| 37.27 L0076 [1.238
150 Eld 610 1,20 | 5008 787 | ABO| 701 | 2885 | 1243 46.14 | .0210]|2.527] S5Al1l1| 24.9]1402[ 57.57 008 1.220
i .653| 6l2 | 1.20 | ss0a|isas| 8oL | 480| 708 | 2785 |1280 46.78| .7085| 2.510] 3762| 24.2|1444| K7.14 ‘0086 [1.208
132 62| 805 | 1l20 | 2718 786 | 459 614 | 1885 | a0 32.59| .7asaf2.272| 3558| 20.1 (1082 s&.17 0060 [17181
ixy 624 9] 1.0 | 4728{ 720] 792 | 48| m151{ 1gse | ss0 33.07| .7510| 2.a1a] 3518| 19.5|1075} 56.8a o080 Nl17
L .629| e03] 1.20 | +718] 738] 7es | 458| @12 | 1893 | ors 33.05] .78582.186] 3475| 12.4/1107| 67.05 .ooe2  [17172
135 630] 807 | 1lz0 | 4718 783 | 489 | sis | 1751 |1043 33.49( .77852.115| 3364| 19.2/1179] 68.50 067 [12
138 63| 03 | 1.20 | 4ma9| 910| 75 | 4sa| e2a| 1788 |1125 33,26| .7727,2.050] 34| 17.8[1271 | 50.88 077 (1158
137 .620| 605} 1.20 | 47a) e85 | ves | 457 #%0 | —mmv |m-- —i . ey Rl ooy [l R S
136 .625] e07] 1.20 | z630| £eo | vme | 4s0] ses 790 23.91( .7560| 1.696) 2966| 13.8] so1 | 55,38 L0066  [1.118
139 20| @07 1.20 | 3830| seo| 789 | 450| 54m | 1128 | s00 23 68 2959| 13.7| 904 | 55.08 oces (1122
1o 624 | eno | 1.20 | zem0f seo | 7ss | aBslses | 1ia | alo 23.67| .7708)1.677) 2920( 13.s| 816 ] 54l73 0088 [1:13g

11 .626| @08{ 1.20 | zes0f 830 | 782 | 4s0i sun | 2374 | 55 23,28 .7sas|1.6s5[ oas7| 12.8) 984 | 6407 .06 1.
TH .e26| a10] 1.20 | 3830] sea| 7e4 | 4a0| se2 922.90| .7208)1.638] a7ri| 12.1(we1 | 53,54 .08 [1.101
143 18| a11 ] 1.30 | 7260(=020| 789 | as5) 778 | 3497 1473 56,05| .a560(2.780| 4400| 28.7(1880 | &0.40 0098 [1.243
244 .622| @07 | 1.30 | reeniassq{ 7es | 454 794 | 3&se {1693 157.92| .supn|2.880] 43| 27.7(1821 | e0la1 M4 [Ligsa
L5 35| ens | 1.50 | 72eoi2me5 | 787 | 4msi e0s | 3759 {1703 57,70 .8501| 2.504] 4113| 27.¢ (1945 | e0 40 olzs 1223
146 e25| a0y 1.50 | 72s0isers{ 7es | azs{ 817 | zass lia1o 57.75[ .8475| 2-496] 40D0| 26.1|?08q| .38 05 1208
147 8901 ada ]| 1.39 | v2cojsaas]{ 7e7 | 4571 ae1 385 1850 57.58| .55pa| 2.436 25.1 [2147 | 80,44 0158 pe
148 13| et| 1.3d | sasvrlisos| 7e7 | amel 7es 1403 36.73] .8818)2.690| 427a| 28.5|1085| co. 45 0088 f1i248
i 13| &@s] 1.30 | es9r]2050] 798 | 480 775 [ 3480 {14s3 B7.40] 8578|2888 4368 | £7.8 [1abe | .42 w0100 [1i234
150 .a13| 21 1.30 | ceoriessa| eoc | 4s0] 735 | 3am |1en0 67.69) .8459)2.567| 4010| 28.7 |1a16| 60,63 j118 [1.219
151 13| &2 | 1.39 | esavizvs | eoe | 481) 736 | 3788 (1743 §7.71[ .8477|2.447| 3888| 2578|1983 ] & 71 oS [1ieos
162 .ma| ol 130 | eso7iziast  moa | 469Y aoe | 3ass |1ess 57,881 .B363|2.574| 3789| 54.1 [2094 | 60.54 o155 10189
153 e21| a0 1.30 | 6383 804 | 485 | 751 | 3055 |1286 53,80 .8518|2.732] 4104 | 27.1 (1440 | 0.1 0077 [1.243
154 22| @7 1.50 | e3s3|1se5] o1 | 42| 738 | 3108 1367 B2.52| 'n273|2.608| 36| 26.4 [1357[ en.23 0088 1.226
155 .625| 617 | 130 | 6363|1508 4651746 | 3222 |l483 63.54| .8047|2.508( 3864| 25.5[1e40 | 60.24 0100 [1ip12
156 628 | aos | 1.30 | e363]2090 ! 7ee | 463 | 755 | 31 1543 82.47| .80M4|2.422( 3768| 24.5/1730 | en.42 ouz [ilies
167 .a27 | a18 | 1,30 | e3s3iaxs0{ eor | 4a3q 75w | ssar [1s43 BS.19| |a251|5.3368| 3662| 258 [Lesa ) eb.58 oe iso
158 .607 | 615 ) 1.50 | cooalwces | 7es | 460) 585 | 2es2 (1130 48.35| 8534 |2 83| 3688| 2E.¢[1275| 50.50 .0aen  [1i248
159 621 607 | 1.30 | soca|1e0 | 767 | 462 705 | 2839 [13a7 48.12| .8088|2.375| 3871| esl6 1514 epi63 ‘0030 [1l1se
169 4| @15 | 130 | seoa(isso | 791 | 462 | 712 | 2717 [1eas 46.09| .7752|2.283| 3554| 22.1 [Laz2 | ex .08 0008 [iiars
181 616 | eos | 1.30 | se0a|1avs | 78s | a2 | 720 | 274k [15e7 45.70| .8115|2.200| 3420| 21.5[L781 | e2.6S s i
162 19| 619 | 1.30 | bsoaleomc | 6ol | 462 | 72¢ | 2e4s [1843 46.25| [7799|2.164| 5348| 20.6 (1847 | B2 61 o1 [1.380
163 et g5 | 130 | 479 806 | 481 | 815 | 1657 [---- 28 [atman 2168 amon| moom fmmmm | —om 0057 [-l
164 e16 | 14 | 130 | e7vdo| 761 | 793 | 461 |e15 | 1sa7 [1043 55.21| .0078|2.083] 3364 | 19.5 [1174 | 56.63 0087 11172
165 640 | 610 | 1.30 | 4729 eso | aos | 40 |@ra | 1728 [1078 33.50| .7883|2.008| a¥23| 24,8 |L207 | 59.18 w0071 [iiez
ies €25 | 622 | 1.30 | an9| w1 | 1396 | ae3|es1 | 2764 |-—-- 5247 |-—amn|10887] o2 | T2 [oan | SO 0082 [-io--
167 .18 | a2 | 1.3 | 4730 790 | 465 [ 834 | 1771 {1223 1012 51.84| .7718{1928] m1z1 17.1 hsas | =850 0089 [1.141
1e8 38| ell | 1.30 | 3630|555 | 801 | 461|544 | 1102 ['785] er2 | 7|4 92{as.07| i7oes|1.se0| 2Be6 12.5 [ ass ] s9.87 08z [11308
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TABLE I. - VARIABLE-AREA TURBINE PERFORMANCE - Continued W

Altitude | Mg Po Turbine| N Wy Fa Ta | Ta P5 Ty Pg Tg | ¥a,1 '5.5 Ny ?B/Fa N AFp | 5 |W B
2 (e nexxle | (rpm) (2) {2 | 5 {5 Y] (R0 |22 ) R (G (2 Vi | % | T 5
T (aq 1e) 7 |\8a - sqTE v/ | \a#2 trom)| (meal) | (47} | s, AT-7
1b
| (ga)
30,000 [0.82] 810 1.30 | 3630 &35 91 4807 | 5t | 1146 | 8BS J05 | 776|25.44| 28.62|0,7011|1.826| 285&| 19.8|.074| 5B5.80
.856| 610 1.30 | 3630| 698 | Ol 480 | B30 | 1188 | B0 743 | 83b|83,335|23.52| .7838|1,588| 274B{ 12.0|1058| 55.51
589 33 1.37 | 7280|2130 { 794 480 | 798 ] 3488 | 1627 | 1277 | 1234|88.95)57.54| .8380|£.751| 4327 26.0|1695| 81
.818 1,37 | 7260|2315| 747 489 | 609 wea=e | 1807 | 1334 | 1304 |56 44| BT 0B |cmmman] mnnam 4228] 27.8|1779] ~wuw
.508| 8la 1.57 | 7260|2818 74 489 | 818 | 3873|1700 | 1437 1304|5&8.75|87.4B| ,8538]2,563] 4118 £8,7|1882] 8l.42
618 | 804 1.37 | 7280|2780 | 780 453 | 820 | 3699 | 1767 | 1462 | 1456|55.75|58.52| .661%|2.488| 4042| 26.0|18680| 81.31
S| 8gd 1.37 | 7260|3016 | 781 460 624 | 5794 |la40 | 1589 | 1629|66,67|68.41| .8563|e.454| 3889| £6.4[2037| 80,93
.819| 818 1.57 | cae7|180Q| 797 487 | 788 | 3331 | 1430 ] 1206 | 2180[56.48|5T,08[ .BaRY|R.717| 4256 &7.8]1589) 61.35
8211 807 1.37 | 8897|2550 7aY 467 | TBA| 3495 | 1604 | 1368 | 1319(S55.68|58.33| .B482/2,517| 4018| 28.1)178R2| 81.40
828 1.57 | 6897(2200| 788 487 | 706 | 3606 | 1836 | 1471 | 1%98|B85,.87|B8.58| .B418|2.451| 5928| o5.3|1872| 81.17
628 6&l0 1.37 | 6697|2878 | 796 488 | 801 | 3728|1777 | LBGB | 1484 (86.27(67.07| .6515[/R.576| 5852| £4.7|1978| 6&1.63
818| s20 .37 | 66897 3005 Q02 488 | B11| X903 | 1897 | 1887 | 1602|58.38(B7,.51' .BA53|2.300| 5718| 24.1|2111] &1.21
L18| ale 1.37 | 6353|1535 wn- 488 | 730 | RO48 | 1300 | 1104 | 10BE (B2 .44 (52.87 .B071|2.668| +085| 26.0|1447| 81.1R
SR | 805 1.37 | £8%63{1888| --- 4881 T4l | 3017 [1577| 1174 | 1LZB(B1.70(52.17| .0009|2.570| 3975| 28.4|1527] 80.71
629 | BO6 1.37 | 83E3|1E660| ==~ 467 ) 47| B4 | 1465 | 12558 | 1217(51.91| 62,44 .BOL3|2,481| 3884| 24.8|1826| 81,06
634 | 803 1.537 | 636512080 ~-s 487 | 761 | 3188 | 1633 ) 1326 | 1280|E2.09|6R.57| .B176(2.405| 3762| £4.0|1703| 6l.44
.827 | 812 1.37 | s303(2816| =--- 486 | 750 | 3265 | 1670 | 1371 | 1322|82.43|53.05| .7a78|2.574| 3739| 23.8|1747| 61,38
£24 | 805 1.37 | 808 1158 ~-- 464 | 686 | 2459 | 1183 853 | B4Y%i48,00|46.41 | ,8060(2.680| 3948| 24.4)1200( 0,30
£29| 803 1.57 | BBOB|1ISQ6| -~- 46€ | 895 | 2624 | 1288 | 1027 | 1038(45.92|46.28| .8102(2.468| 3796 25.8]1597| 61.2%
825 | 606 1.37 | 5808 1478 ~= 488 | TOZ | 2607 1323 | 1095 | 1111|45,68|48.07| .7842[2.381| 370R| 22.7|1472| 60,76
054 | 80P 1.57 | 5808|160R| ——- 464 | 704 | 2660 | 1380 | 1151|1171 (48,31[48,76} ,7718|A.511| 3632 22.8|1B4d| G7.08
LA30 | 608 1.57 | SROR(1720| --- 483 | TOB | 2702 |1 1188 | 1224 |45.60(46.17| .7706|2.2680]1 3559 22.1{1614| 61.47
818 BOB 1,57 | 4728) T17| 787 483 | 814} 1512 | 867 735 | 941 (55.07(35.27| .7782|2.146( 3482 19,4]1108| &0,83
J8C8 808 1.87 | 4718] 35| 793 463 | 814 1828 | 1003 788 | 857 (35.51(3%,52( ,7780|2,120| 3426 19.5|1124| 61.12
647 €05 1.37 | 4710 851 | B0l 4B4 | 818 | 1882 | 1087 829 | 020|55.24|353.48| .7704|2.041| 5328| 1B.4|1184| 80.67
.02 | 603 1.37 | 47197 817| 788 488 | 825 | 1696 | 1150 849e | 998|32.14|32.39| .8072|1.870| 3212| 1Aa.0|1e62| 80,88
SED | 0B 1.37 | 4719{1050 | 8Dl 4621 6827 | 1780 |1200 930 | 1088{32.08(32.38 | .5094|1.926| 3150| 15.5|1548| 39.Q7
86| 988 1,57 | 5850| Ba8| 1778 482 | B48 | 1083 | &g0 860 | 758125.71(25.87| .77T04|1.646| 2004 12.8]| §E2| 5B.8B3
818 | 606 1.57 | 3850, 817 | 178l 463 | 548 | 1110 | 880 877 | 787|25.48(2%3.685| .7597|1.640) 26B4| 13.0| 955| E57.88
.825 | BT 1.37 | 5&50] 898 | 777 483 | 551 | 1138 | €17 711 | as54|22.95|23.11( .7438|1.801| 2782| 1e.1]|1028| B7.58
. €10 1.57 | 5850] 878 | 78R 482 | 553 | 1175 | 946 741 | as57|25.29|25.568 | .77B2]11.681| 2713| 12,3|1082| 57.88
-B25 1.87 | 7280122458 | 781 4%6 | 765 | 5488 | 1530 | 1207 | 1939|57.62|68,14 | .B8436|2.890] 4324 27.7|1741| 6R.28
8181 A12 1.87 | 1680|2575 | 7151 468§ | 787 | 5328 | 1680 | 1337 57.25|B87.88 | .8£3D|2.887| 4046 28.T[1787| 82.28
5| 6 «87 | 7280|2500 | 783 458 | 700 | 3574 | 1850 | 1384 | 1L369|67.35|58.04 | .6P39|2.882| 4172| 26.1]186%| 82.80
827 | B08 1.87 | 7280 2826 | 782 456 [ 792 | 3492 11830 | 1430 | 1369 |67,39(58,12 | .B418|2.555| 4176 28.1[1863| 62.04
f 810 L1.67 | ‘TR80-R78% | 791 458 | 706 | 5882 (172G ) 1471 | 1487 |57.168|57.8%) . 2,605 4007 28.411047| .25
L58% | 807 1.87 | 72805080 | 789 480 | 808 | 3744 (1810 | 1 1507 (56.81|57.87 | .8538]|2.411| 4000 25.2 83.84
825 808 1,87 889711998 780 4801 788 m———— 145 1238 | 1178 (58 ,40| 56,88 [=cu-en e 4222 28.8[1828| ~~r--
.823 | 808 1.67 | Gag7 (2270 | 780 480 | 788 | 3407 | 1548 | 1334 | 1277(B6.3A8|87.01; .8167|2.554¢| 40P6| 25.8(1748| 82.35
.824 | aQs 1.87 | 8897|2880 | 730 450 | 773 | 3525 | 1643 | 1441 | 1370|56.50|87.21 [ .B187)2.445| ¥B74| 24.8(1887| 82.70
.819( 8l4 1.57 | 8897{2848 | 708 450 | 780 | 36850 |1730 | 1533 |1448|B8.76|B7,.64 [ ,B565|2.588| 3882 24,0/1988| 82.85
.825 | 808 1.47 | 6897{3018| 781 458 | 747 | 3724 |1793 | 1eol | 1606|56.28|67.12 | .6449)2.526| 3817 28.9(|2024| 82.07
621 819 1.87 | 8353|1628 | 791 450 | 781 | 5 (1270 | 1132 [1031|62.868|55.51 | .6353]|2.600| 4128| 26.3{1458| 80.85
825 | 510 1.87 | 63631800 | 794 452 | 735 | 5045 | 1428 | 1254 (1186|62.64|55.18 | ,8112]2.488| 3B07| 2¢.6|1805| §R.58
621 | &Q8 1.47 | 6353|2100 | 7e8 168 | 758 | 3130 |1500 | 1316 | 19B7|82.28|52.86 | .6088|2.380| 5820| 25.9|1885| 62.04
525 | 808 1.687 | 6385 791 A58 | 758 | 3172 [154% | 1387 |1298(52.42[63.Q4 | .B1868|2,338| 5788| £3,8]1744 | 82.4)
.621| 809 1.67 | 6303|2410 | 789 459 | 746 | 3283 |1820 | 1426 | 1365 |62.18|52.85 | .8308|2.288] 3638] 22.9|1831| 62.04
8251 810 1.67 | 6806|1208 | 784 482 | 881 | 2432 | 1180 971 1 939(46.70]47.04 | .0555|2.508] 5954 2¢.8|1293 | 61.57
625 | 609 1.87 | BEOB|1301 | 792 46) | 684 | 2476 | 1200 | 1008 | BB7|48.36{48.92 | .8267|2.4564| 3873 2¢.0|1351] 81,84
B24| 609 1.67 | S6Q6|14e7 | 792 481 | 888 1287 | 1061 | 1087 (46.45|46.85 | .0084|2.386] 5779| 2%.2|1427] 82.14
, 610 1.87 | 6808 (1660 | 794 460 | 800 | 2677 |1330 | 1112 |11l=2%|«e6.5R|46. .70825]|2.317| 5895| 22.2|16D0| 82,76
622 | a10 1.87 | BSO8(1e8l ( 792 460 | 605 | 2689 1390 | 1157 |1178|468.22|48.89 | .7885(2.272| 3817 21.7|1%68| 82.70
11 810 1.87 | 47197 790 | 792 457 | 807 | 1632 | 988 715 | 8BC|5%,.81138.75 | .7842|2.110| 5442| 19.0|1150| 81.08
627 605 1.687 | 4719 BOO | TB8 467 | 608 | 1602 |1010 717 | 860|35.35|33.57  ,7822|2,082] 5415] 18.7|1147| 62.43
828 | 601 1.87 | 4718 | BBQ | 764 487 | 810 | 1807 | 1043 797 | 90Q|35.16(33.39 | .7870|2,018] 3354| 18.2|1188 | &2.92
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TABLE I. ~ VARIABLE-AREA TURBIRE PERFORMANCE - Concluded W

ST

Altitude| My Po Turbine| N W Fo To | Ty Ps s Pg Tg | Wa,1 '5,5 Ny 1Ps/Pg ﬁ_ AB, | Tg HELm/EE Wy Ts
{rs) 1\ |neszle ((rpm) (1 1b ) {°R) |(°R) ( “:) {°R) (-n, r} {°R) (1 (__11) s | % | T2 Yoy Ve 115600 W
5q ared Er/ |\8q TT) 3q Tt q It aec/ |\Bac {zpm) {°R) |05 1—‘.-) !
{sq £t) (‘3‘“1) :
JE (1b)

50,000 |0.618] 604 1.687 | 4728] #60| 781 | 456| 615| 1673 ] 1130| 656 | 968(32.228[32.45[0-7604]1.064| 3259] 16.8[127%] 61.43 0.0083 [1.14k
.642| 505 1.87 | 4119|1180 795 | 487| s2x| 1816 | 1283| 960 | 1121]31.65|31.87) .7252|1.892| 3074| 1a.0|1435| 59.08 .0102 |1.127
.624) 208 1.87 | 38%0| e10| 791 | 4%9| 43| 1087| e27| —| T55]24.24!24.41) ~enaa| 2892 12,0| 935| 59.74 0070 |1.0%8
.819| 810 1.87 | =8%0| s20( 790 | 45¢| 543] 1102 | es0| 681 765[24.22(24.39| .7116]1.618| 2870 11.8| 942| 59,82 0071 |1.098
.620| 807 1.87 | 3680| 640| 792 | 458| 542| 1111| @58| 891 | 782|24.31|24.45| .6204|1.608| 2847| 11.8| 968 s0.21 0073 |1.093
.621| 608 1.57 | s630| gra| 788 | 458] 544| 1129 | so0| 74| ses|ox.78|23.98| .e994|1.581| 2777| 11.0|101%| S9.61 .0078 [1.081
N 8 1.57 733 792 5! 8949 4 975 10(2%.30] .7213)1.574] 2875]| 11.3)1102)] 58.10 .0088 1.082

40,000 o.ﬁ'_‘g?s 1.20 | 7260|1282 408 436 6 1897 | 1487 595_1%% 6F[31.04| 6167|2073 #408| A A[1T4G[ 58,47 OLIE (10175
527] 375 1.20 | 7260|1370 404 | 436| 788 1643 728 | 1335[30.20|30.58| .8131)|2.809| 4l82( 27.9/1955| 57.7¢ L0128 |1.251
514| E78 1.20 | 7260|1439 | 408 | 438] --n] 2096 | =-i-| 747 | 1382[30.52|30,BR] wmn| 2.B08| wmeo| rommamao| e 0131 |—mamm
.312 574 l.20 E8BT|1170 405 434 | 897 1911 | 1450 888 | 1201{30.11(30.44| .6688|2.868| 4239 23.4}1712| S7.09 L0106 1.191
51| 595 1.20 | 6097|1851 428 | 434| 707| 2235 1880 1442|31.41(31.87| .6812[2.614| 3834 20.8|2011| 55.78 0148 1,185
544 8§75 1.20 | e355| 948] 407 | 433|675 1699 1208| 810 [ 1062;26.62(26.88| .7000|2.785) 4088| £3.6 57.84 0092 |1.200
.544| 378 1.20 | esbsl1187| 407 | ame| 888 1a=5| 1468 593 ) 1264|20.58|26.91| .8301|2.623] 3a57| 20.7|1767| 57.66 0116 |1.181
.341| 573 1.20 | seoa] 791| 408 | 438| 870| 1438 [-1248| 543 | 1028|24.75(24.97| .7782|2.845| 3804 | 24.0|1488] 57.95 0089 |1.214
41| 376 1.20 | seoa| 970| 408 | 434| 665| 1483 | 1415| 807 | 1207|2¢,23(24.80| .7050|2.483| 3580 21.0[1684 | 58.64 0111 |1.172
. 375 1.30 | veso|1ss1| 408 | 442 677| 1s42| 1515| 697 | 1306|30.59(30.96| .5969(2.786 19.7|1780 | 58.90 .0121 |1.160
327|381 1.30 | 7280|1446 a2) | a37| 867] 2047 | 1s42| 752 | 1540|51.67]52.07| .5002(2.722] 4511} 18.4|1a32| 56.46 0127 [1.1%1
505 593 1.50 T26Q]1%482 418 440 870 2095 | 182 795 | 1420|31.32(31.75| .5722|2.6842] 4211| 18,.5|1912| 58.11 0139 1.142
554 388 1.50 | 7280|1717| 417 | 441} 740| 2145]1775| 854 | 1910]|30.99(31.47] .7126|2.575| 4033| 22.3|2089 | 59.01 D154 1,175
.285| =87 1.50 | s8e7|1280| 408 | o35| 68| 1891 [ 1442 | 689 ) 1939(50.40(30.74] .51&R|2.745| 4224 | 20.6|1719( 58.55 0112 |1.164
.588] 403 1.30 | esg7|1561| 434 | 439| &78| 2029 785 | 1289|32,10|32.48| .6328|2.852| 4147| 20.8{1773 | S6.87 L0118 [1.164
.528| 394 1.30 | 66897|1%20| 424 | 437] 871 2061 | 1608 1398|3144 31.86] .2190|2.881| «015| 18.0|1910 | 5a.88 .0154 [1.150
311 383 1.30 | eas7|1622| 403 | 435| 672| 2055 | 16850| @30 | 1481|30.2L|30.66] .6100|2.474| 3925| 18.1]2014 | 56.82 0149 |1.142
.527] 873 1,80 | esss{ asa| 401 | 4m8| 871| 1843 | 1s23] 809 | 110B|28.29|28.56{ ,7030]|a.698] s058| 20.8]15731 58.75 0085 |1.183
551 5719 1.50 6355|1100 415 435 | 872 1742 | 1388 870 | 119D0|28.99[29.30| .B8742|2.6800| 3948 | £1,.6|1668 | 58.68 .0105 1.175
.381| 368 1,50 | 5g08| 8o4| 407 | +35| 861| 1400 | 1240| 546 | 1050|25.16]25.40| .7617|2.564| 3815| #3.5(1478 | 60.28 0089 |1.204
.33B] 374 1.30 {5808 970| 405 | 435| asa| 1480 | 1402} 813 | 1200|24.22]24.48| .7120|2.382| 5505| £1.2]/1671] 56.51 L0111 |1.168
L5361 34 1.87 | 7280[1428| 405 | +36| 778| 1834 | 1837] Tl4 50.72|31.12 2;'3; 2.859| 4192| 27.0|1948 | £3.64 0129 {1.225
.54B| 573 1.67 | 7260|1620 s | «58| 7as5| 1996 | 1797 799 | 1493|30.45[30.90| . 2.498| 4015| 25.4|21351 | e2.71 0148 |1.204
.538| 579 1.67 | 726011750 5 | 457) 71| o041 [1B70] B3¢ | 1582|30.52(31.01| .8343|2.447] 3941| 25.0(2022] e2.87 L0189 1.197
.257 1.67 | 8897 7 | ¢38] 7a7| 1807 [1550] s82 | 1278|30.25(30.62] ,50N9|2.81%| 4085| 256.9|1845 | 65.38 0122 1.3
51| 375 1.67 | sagriises 7 |48} 765( 1925 [1755] 79071 L469|30.13|30.56] .819%|2.454| 3858| 24.4|2081 1 63.50 .0144 {1.186
328|282 1.87 | 68971725 .| 239 71| 2025 | 1ae3] esa | 1538]50.60|31.a8] .7957|2.414| 5787 25.8|2155] 62.70 0157 |1.185
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Plgure 2, - Top view of turbolet-emgine Inatallation showing statioms at which inatrumentation wae Installed
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2 3 4 ) 8
. 1 t
Sl : B
I
Btation Looation Total Statle Wall static | Thermo-~
Pressure | pressure | pressurs couples
tubes tubes orifices
L Inlet-alr duct 29 12 4 10
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4 Campressor outlat 15 0 2 6
5 Turbine Inlet 5 (4} 0 c
8 Turbine outlet 20 0 8 24
7 Exhauat-nozzle outlet 16 2 a 0
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(&) First-stage turbine rotor.

Figure 3. - Photographs of turbine rotors.
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(b) Second-stage turbine rotor.

Figure 3. - Concluded.

Photographs of turbine

rotars.
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(a) Open.

Figure 4. - Photographs of variable-area turbine nozzles.
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<RI NACA RM E52J20

Flgure 4. - Concluded.

(b) Closed.

Photographs of variable-area turbine nozzles.
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Main actuating shaft

A ~—Engine outer skin

Nozzle actusting

Nozzle sctuating
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outer skin

Variable-area turbine-
nozzle vane

inner skin

Figure 5. - Schematic sketch of varisble-area turbine-nozzle
sctuating mechenism.
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(a) Mid-vene cross-sections of two adjacent
vanes (2% times actuel size).
Flgure 6. - Sketches of varieble-area turbine-nogzle venes in open and closed positions.
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- Five boundary-lsyer
total-pressure tubeg
0
2
m [«
s d).*s o°
(e) Stetion 1, cowl inlet. Diame- {(b) Station 4, compressor outlet.
ter, 34 inches; location, 6 inches Passage height, 3%. inches; loca-

downstream of cowl-inlet flange.
tion, 1/2 inch downstream of

treiling edge of fixed vanes.

O Total pressure
@® Static pressure
X Thermocouple

(o]
Oo,,_

X~ %93.

400, * *ggb\\
il @)

o% L
>

2
2
‘T\ﬂm:?'
(c¢) Station 5, turbine inlet. Pas- {d) Station 6, turbine outlet. Pas-
sage helght, 6% inches; location, sage height, Sg inches; location,
1.?-‘_ inches upstream of leading 3% inches downstream of treilling
edge of first-stage turbine-nozzle edge of turbine rotor.
- diaphragm.

Figure 7. - Location of instrumentation (view looking downstreem).
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Corrected turbine gas flow

Corrected turbine gas flow

Turbine efficiency, Tt

S NACA RM ES52J20

Measured turbine-
nozzle area
{sq £t)
&t o] 1.67
S oog@®edoa| | H Ly
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MJID, QYo g 1.15
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o o SETROA all
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© - ? Turbine pres-
‘4 A, /IAA/:I 2.4 28 sure ratio
1.6,
2.0
52
2600 3000 3400 3800 4200 4600

Corrected turbine speed, K/Af6g, rrm

Figure 8. - Effect of turbine-nozzle srea and corrected turbine speed on corrected
turbine gas flow. Altitude, 30,000 feet; flight Mach number, 0.62.
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Measured turbine-nozzle area, sg ft
Figure 9. - Variation of maximum corrected turbine gas flow or effective turbine-
nozzle area with measured turbine-nozzle area. Altitude 30,000 feet; flight
Mach number, 0.62.
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Corrected turbine speed, K/Af65, rpm

Figure 10. - Effect of turbine-nozzle area and corrected turbine speed on turbine
efficiency. Altitude, 30,000 feet; flight Mach number, 0.62.
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Turbine pressure ratio, Pg/Pg

Turbine efficiency, g
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3.2
Engine speed
(zpm)
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a] 6897 f //
O 6353 _/D
2.8 A 5808 arom
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44
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449
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() Variation of turbine pressure retio with corrected
turbine speed at constant engine speeds.
-90
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~0
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22—
.80 [af P <
a
ay
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(b) Variation of turbine efficilency with corrected tur-
bine speed at constant engline speeds.
.9 I
Turbine pressure ratio l 2.8 2.9
2.7
2.6 L
Y
N7 Wz
.8
2400 2800 3200 3600 4000 4400

Corrected turbine speed, N/A/GS, rpm

(c) Cross plots showing varistion of turbine efficiency
with corrected turbline speed at constant values of
turbine pressure ratio.

Figure 11. ~ Effect of various parameters on turbine pressure ratlio and turbine
efficiency. Altitude, 30,000 feet; flight Mach number, 0.62; turbine nozzle .

area, 1.15 square feet.
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Turbine pressure ratio, Pg/Pg

Turbine efficlency, Nt

JEE NACA RM E52J20

3.2
Engine speed
(rpm)
o 7260
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o 6353 D
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(a) Variation of turbine pressure ratio with corrected
turbine speed at constant engine speeds.
.90
O
(w}
‘? —~O0—0
.80 A Q
%l 1T,
a
.70
(b) Variation of turbine efficiency with corrected tur-
bine speed at constant engine speeds.
.90 [ I !
Turbine pressure ratio
2.5 -2,6—2:7
7|~ *::EE%ES:;’
.80
2400 2800 3200 3600 4000 4400

Corrected turbine speed, N/A/95, rpm

(c) Cross plots showlng variation of turbine efficiency
with corrected turbine speed at constant values of
turbine pressure ratio.

Figure 12. - Effect of various parameters on turbine pressure ratio and turbine
efficiency. Altitude, 30,000 feet; fllght Mach number, 0762; turbine nozzle

area, 1.20 squere feet.
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Turbine pressure ratio, Ps/Pg

Turbine efficiency, Ny

Engine speed
(rpm)
(o} 7260
o 6897
Lo 6353
2.8 A 5808
4 4719
a 3630 /‘3
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2.4 s °/‘
2.0 /’AA
A/
1.8 =g
(a) Varistion of turbine pressure ratio with corrected
turbine speed at constant engine speeds.
.80
1=
o p
o %% g~
4A
-80 A, / e
a,g.} 4 [ A
.70
(b} Variation of turbine efficiency with corrected tur-
bine speed at constant engine speeds.
.90 — 1 T
Turbine pressure t1 .
press ratlio . .5 i 6 2. 7
2. T
A7 ~%5
.80
2400 2800 3200 3600 4000 4400
Corrected turbine speed, N//\/ 85, TPm
(c) Cross plots showing variation of turbine efficiency
with corrected turbine speed at constant values of
turbine pressure ratio.
Figure 13. - Effect of various parameters on turbine pressure ratio and turbine

efficiency. Altitude, 30,000 feet; flight Mach number, 0.62; turbine nozzle
area, 1.30 square feet.
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NACA RM E52J20

2.8

Englne speed
(rpm)
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6897
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Turbine pressure ratio, Pg/Pg
[aV]
o
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(a) Variation of turbine pressure ratio with corrected
turbine speed at constant engine speeds.
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.80 < v
a 5
&
[aq
5
&
) .70
8 (b) Variatiorn of turbine efficiency with corrected tur-
& bine speed at constent engine speeds.
a .90 13
?;j Turbine pressure ratio
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a / / 4 2.7
/ / -
.80 ( IZ
2400 2800 3200 3600 4000 4400

Corrected turbine speed, N/af6s, rpm

(c) Cross plots showing varigtion of turbine efficiency |
with corrected turbine speed at constant values of

turbine pressure ratioc.

Figure 14. -~ Effect of various parameters on turbine pressure ratio and turbine efficlency.
Altitude, 30,000 feet; flight Mach number, 0.62; turbine nozzle area, 1.37 square feet.
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Turbine pressure ratio, Pg/Pg

Turbine efficiency, 1y

Engine speed
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(e) Variation of turbine pressure ratio with corrected
turbine speed at constant engine speeds.
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-80 (b) Variation of turbine efficiency with corrected tur-
bine speed et constart engine speeds.
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{c} Cross plots showing veriation of turbine efficiency
with corrected turbine speed at constent values of
turbine pressure ratio.

Figure 15. - Effect of various parameters on turbine pressure ratio and turbine efficlency.
Altitude, 30,000 feet; flight Mach pumber, 0.62; turbine nozzle erea, 1.67 square feet.
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Turbine efficiency, 1y

GANNSRIN NACA RM E52J20

Measured turbine-
nozzle ares *
(sq £t)
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(a) Turbine pressure ratio, 2.7.
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(d) Turbine pressure ratio, 2.4.

Figure 16. - Effect of turbine-nozzle aree and corrected turbine speed on tur-
bine efflclency at constant values of turbine pressure ratioc. Altitude, .

30,000 feet; flight Mach number, 0.62.
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Turbine efficlency, 1+

Turbine nozzles
0 Fixed
a Varisable
.90
o °-—-—.__.__o
r = ™ e ———
5 | o
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Corrected turbine speed, N/p[0s, rpm

Figure 17. - Comparison of efficlencies cbtained with fixed turbine nozzles
and with varigble-area turbine nozzles for an sctual turbine-nozzle area
of 1.30 square feet. Altitude, 30,000 feet; flight Mach number, 0.62;
engine speed, 7260 rpm.
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